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[57] ABSTRACT 
An electric double layer capacitor comprising a pair of 
polarization electrodes and an electrolyte disposed in 
between and utilizing an electric double layer formed at 
the interface between the polarization electrodes and 
the electrolyte, wherein the polarization electrodes 
comprise a carbon electrode material and polyvinylpyr 
rolidone as a binder thereof; and therefore adherence, 
conductivity and a molding characteristic of the carbon 
electrode material are increased thereby improving 
characteristics as the capacitive device and reliability of 
the electric double layer capacitor. 

15 Claims, 9 Drawing Figures 
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ELECTRIC DOUBLE LAYER CAPACITOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a capacitive device 

utilizing an electric double layer and containing an 
electrolyte therein. 

2 
effectively improved. The materials are polytetrafluo 
roethylene (grouped in ?uorinated rubber) as a dispers 
ing agent, and acetylene black as an agent for improving 
the conductivity. The present inventors have developed 
electric double layer capacitors which comprise polar 
ization electrodes prepared by mixing active carbon, 
acetylene black and a dispersoid containing polytetra 
?uoroethylene in an appropriate ratio. 

TABLE 1 
mixing rate ' 

item of against active acetylene black polytetra?uorcethylene 
characteristics carbon small éélarge small €>large 
internal resistance large @small small €>large 
ca acitance 

p large @small large @small 
moldin characteristic g bad @good bad @good 

2. Description of the Prior Art 
An electric double layer capacitor using an electric 

double layer formed at an interface between a polariza 
tion electrode and an electrolyte has a distinctive fea 
ture thatoa thickness of the electric double layer is only 
several A, that is, extremely thin in comparison with 
that of a conventional aluminum electrolytic capacitor. 
The aluminum electrolytic capacitor has a dielectric 
layer of about 14 AN in thickness (normalized by a 
high breakdown voltage), and has an electrode surface 
area of several mZ/g (normalized by a weight of the 
electrode). On the other hand, the electric double layer 
capacitor has the electric double layer of several A/V 
(normalized by a low breakdown voltage), and has a 
large electrode surface area of 700-l,400 m2/ g. There 
fore, there is a possibility to provide a capacitive device 
having such an extremely large capacitance as several F 
by employing the electric double layer capacitor. 
FIG. 1 is a schematic sectional view of a conventional 

electric double layer capacitor. The electric double 
layer capacitor comprises two polarization electrodes 1 
and a separator 2 disposed between the polarization 
electrodes 1. The polarization electrodes 1 comprise a 
carbon electrode material such as graphite, carbon 
black, or active carbon. The separator 2 is impregnated 
with an electrolyte. A large capacitance of the electric 

20' 
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double layer capacitor arises from a capacitance of ' 
electric double layers 3 existing at the interfaces be 
tween the polarization electrodes 1 and the electrolyte, 
and from a large surface area of the carbon electrode 
material. 

Active carbon is widely used for the carbon electrode 
material since it has a large surface area. Active carbon 
has a surface area of SOD-1,500 m2 per gram. It is prefer 
able to employ active carbon prepared from vegetable 
matter by giving a steam activation treatment thereon. 
The active carbon prepared from vegetable matter is 
superior in purity in comparison with active carbon 
prepared from animal tissue. The most preferable active 
carbon is, for example, wood charcoal prepared from 
sawdust or coconut charcoal from coconut husks. 
The present inventors have studied a possibility to 

provide electric double layer capacitors ‘employing 
active carbon as a main electrode material. It was found 
that active carbon easily adhered to conducting mem5 
bers of the polarization electrodes by employing the 
following materials in the electric double layer capaci 
tor, and that thus the adherence, conductivity and a 
molding characteristic of the polarization electrode was 

50 

65 

Table 1 shows characteristics of the electric double 
layer capacitors obtained by changing mixing rates of 
acetylene black and an aqueous dispersion containing 
polytetra?uoroethylene against an amount of active 
carbon. The measured characteristics are an internal 
resistance, a capacitance and a molding characteristic 
and tabled in Table 1, from which the characteristics of 
the capacitive device is roughly estimated. It is known 
from Table 1 that the molding characteristic can be 
improved by increasing the mixing rate of the aqueous 
dispersion containing polytetra?uoroethylene against 
the active carbon amount, and that the internal resis 
tance is thereby increased together with a slight reduc 
tion (within 5%) of the capacitance of the capacitive 
device. ' 

SUMMARY OF THE INVENTION 

The present invention provides an electric double 
layer capacitor comprising polarization electrodes and 
an electrolyte disposed in-between and utilizing electric 
double layers formed at the interfaces between the po 
larization electrodes and the electrolyte, wherein the 
polarization electrodes comprise a carbon electrode 
material and polyvinylpyrrolidone as a-binder thereof, 
and thereby adherence, conductivity and a molding 
characteristic of the carbon electrode material are in 
creased thereby improving capacitive device character 
istics and reliability of theelectric double layer capaci 
tor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an elevational sectional view, schematically 
showing a conventional electric double layer capacitor.‘ 
FIGS. 2(a) to 2(d) are a view schematically showing 

a production step of a polarization electrode together 
with an elevational sectional view of the polarization 
electrode and an enlarged top view of an expanded 
metal net as a conducting member thereof. 
FIG. 3 is a perspective view showing that a lead wire 

is attached to the polarization electrode of FIG. 2 by 
131118. ~ 

FIG. 4 is a perspective view showing that a pair of 
the polarization electrodes of FIG. 3 is rolled together 
with separators to produce an electric double- layer 
capacitor. 
FIG. 5(a) and FIG. 5(b) are a top view and a side 

view of a casing used for a capacitive device in accor 
dance with the present invention, respectively. 
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FIG. 6(a) and FIG. 6(b) are elevational sectional 
views of completed electric double layer capacitors in 
accordance with the present invention. 
FIG. 7(a) to FIG. 7(0) are characteristic graphs to 

compare the electric double layer capacitors of the 
present invention with the conventional ones. 
FIG. 8‘ is a graph showing a relationship between an 

internal resistance (in .0) and an opening rate (in %) of 
the expanded metal sheet used for the polarization elec 
trode in the electric double layer capacitor in accor 
dance with the present invention. 
FIG. 9(a) to FIG. 9(a) are circuit diagrams showing 

representative examples of the application ?elds of the 
electric double layer capacitor in accordance with the 
present invention. 

DESCRIPTION OF THE PREFERRED 
‘EMBODIMENTS 

The present invention. provides an electric double 
layer capacitor comprising polarization electrodes of a 
carbon electrode material and a separator impregnated 
with an electrolyte and disposed between the polariza 
tion electrodes, wherein the carbonelectrode material 
comprises polyvinylpyrrolidone as a binder. _ 
The present inventors proceeded with research activ 

ities in the investigation of a binder material suitable for 
the improvement of the device characteristics in the 
molding characteristic and the reduction of the internal 
resistance. 

Table 2 is a comparison table for characteristic items 
in several capacitive devices using several different 
binder materials for the carbon electrode materials. 

TABLE 2 ' 

Characteristic items 
in 

temal 
resis 
tance 

O 

molding 
character 

istic 

O 

leak ‘ 

current 

0 

capaci 
tance 

O 

binder 
material 

none except 
polytetra?uoroethylene 
CMC , 

(carboxymethyl cellulose) 
silicone rubber ' 

PVA 

X X 

X 
X 

gum arabic 
starch 
PVP 
(polyvinylpyrrolidone) 
gelatin 
0 0: Very good; 
0: good; 
X: insufficient; 
X X: bad 

XX 
-XX 
00 

X 

It is known from Table 2 that PVP (polyvinylpyrroli 
done) has a superior characteristic as a binder in com 
parison with the conventional binding material. In par 
ticular, it is found that an electric double layer capacitor 
has a low leak current by employing PVP as the binding 
material. 
FIGS. 2(a) to 2(d) are a view schematically showing 

a production step of a polarization electrode together 
with an elevational sectional view of the polarization 
electrode, and an expanded top view of an expanded 
metal'net as a conducting member thereof. An alumi 
num thin metal plate 5 of high purity is worked to have 
a number of slots thereon apart fromeach other with 
uniform distances as shown in FIG. 2(a), and then it is 
expanded so as to widen the slots resulting in the ex 
panded metal net 5’ (FIG..2(b)). The expanded metal net 
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4 
5' has a number of openings made by the expanded slots, 
which openings have a small width (SW) of 0.5-1.0 mm, 
a large width (LW) of 1.0-2.0 mm as shown in FIG. 
2(a). The expanded metal net 5' has an'opening density, 
i.e. opening rate of 40-60%, and the apparentthickness 
thereof is 2.5-4.0 times that of the original Al thin metal 
plate 5. The opening rate of the expanded metal net 5" is 
expressed by a ratio (in %) of an intensity of illumina 
tion measured under the expanded metal net 5' by ex 
posing it to a light to an intensity of illumination mea~ 
sured after removing the expanded metal net 5’ from the 
light path. 
On the other hand, active carbon and a small amount 

of a binder containing PVP are mixed to form a rubber 
like carbon electrode material. The carbon electrode 
material is then uniformly adhered to’ the expanded 
metal net 5’ by using rolling rollers, thus resulting in a 
layer 4 on the expanded metal net 5’ to be used as the 
conducting member. The layer 4 and the expanded 
metal net 5' constitute a polarization electrode 6. The 
polarization electrode 6 of a suitable'size is obtained 
after cutting the expanded metal net 5’ together with the 
layer 4. ‘ ' 7 

FIG. 3 is a perspective view showing that a lead wire 
is attached to the polarization electrode 6 of FIG. 2 by 
pins 71.. An internal wire 7a of aluminum and an exter 
nal wire 7b of a soft copper wire coated with a tin plat 
ing layer are placed opposite another to make a'butt 
welding. The two wires 7a and 7b constitute a lead wire 
7 to be attached to the polarization electrode .6. , 
_ FIG. 4 is a perspectiveview showing that a pair of 
the polarization electrodes 6 of FIG. 3 is rolled together 
with separators to produce a capacitor'element 9 of a 
cylindrical ‘shape. The capacitor element 9 is then im 
pregnated with an electrolyte and placedin ancasing 
followed byv a sealing treatment to obtain a completed 
:electric double layer capacitor. - 

The electric double layer capacitor in accordance 
with the present invention, has the following distinctive 
features by employing the expanded metal net 5’ ‘with 
‘the abovementioned characteristics. That is‘, the pro 
duction efficiency is improved, since the rubber-like 
carbon electrode material strongly adheres to the ex 
panded metal net 5’ and thus peeling-off of the carbon 
electrode material hardly occurs during the rolling 
processing. Moreover, the internal resistance is lowered 
and besides dispersion of the internal resistances in sev 
eral capacitors becomes small. 

It is preferable that the separator used for the electric 
double layer capacitor satisfy the following conditions: 
It does not prevent the movement of the ions inthe 
electrolyte and at the same time it should serve as an 
insulating material of the electron-related conduction 
between the polarization electrodes. Moreover, the 
separator should be porous and besides the porosity 
thereof should be high enough to prevent the electrical 
contact of the polarization electrodes disposed con 
fronting one another with the separator inbetween. This 
electrical contact must be avoided since it causes short 
circuiting of the capacitor and/or increasing of the leak 
current in the capacitor. > - 

There is no problem to use an ionic conduction mem 
brane having no pores like ionic exchange membranes 
as the separatonCommonly used separators are a po 
rous ?lm and porous nonwoven fabrics of polyethylene 
or polypropylene, and nonwoven fabrics of polyester or 
polyimide. In addition, a pulp sheet is also usable as a 
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separator. Actually, there is strict restrictions in view of 
costs, characteristics of a capacitor and other physical 
characteristics such as mechanical. strength. A prefera 
ble separator is found to be a composite separator pre 
pared by employing nonwoven fabrics of polyester as a 
base material and coating it with cellulose. The compos 
ite separator weighs 32-40 g/m2, and is 50-60 umin 
thickness. And the gas permeability thereof is 50-150 
(sec/100 cc). . 
The electrolyte used for the electric double layer 

capacitor in accordance with the present invention 
should be superior in wettability for the polarization 
electrode and the separator. It is also preferable that the 
electrolyte does not corrode nor resolve the polariza 
tion electrode and the separator. Besides,.the electrolyte 
is preferable to be a high ionic conductive substance. 
Such a preferable electrolyte is obtainable by mixing 

alkaline metal salts of organic acid or inorganic. acid, 
ammonium salt or quaternary ammonium salt as a sol 
ute, and nitriles, sulfoxides, amides, pyrrolidones, car 
bonates, or lactones as an organic solvent. In particular, 
the most preferable electrolyte can be prepared by mix 
ing 70-90 wt % of 'y-butyrolactone, 5-30 wt % of prop 
ylene carbonate and 5-20 wt % of tetraethyl ammonium 
perchlorate. It gives satisfactory results in the charac 
teristics as a capacitor (capacitance, internal resistance, 
leak current, etc.), the temperature characteristic at a 
high temperature, time-dependent variations of several 
characteristics, and a break-down voltage. 
FIG. 5(a) and FIG. 5(b) are a top view and a side 

view of a casing 11 used for a capacitive device in ac 
cordance with the present invention. The cylindrical 
casing of aluminum is provided with thinner portions at 
top edges 12. These thinner portions serve as an explo 
sion-proof valve. There are two ways to make the top 
edges thinner. It is possible to design a mold for molding 
in a manner that a molded casing has thinner portions at 
the top edges. Alternatively, such thinner portions are 
also obtainable by cutting or notching the top edges of 
the casing 11 after molding. The casing 11 shown in 
FIG. 5(a) and FIG. 5(b) has four thinner portions at the 
top edges in a geometrically symmetrical manner. It is 
thus advantageous that the weakest portion among four 
thinner portions serves as an explosion-proof valve for 
the capacitive device of the present invention. 
FIG. 6(a) and FIG. 6(1)) are elevational sectional 

views of completed electric double layer capacitors in 
accordance with the present invention. A cylindrical 
casing 15 (which may ‘be the casing 11 of FIG. 5(b) 
placed upside down) is used as a capsule. An elastic 
rubber material 14 and a sealing resin 16 are used for 
sealing an electric double layer capacitor 13 in the eas 
ing 15. The elastic rubber material should be resistant to 
the electrolyte. It is also required that the elastic rubber 
material is high in gas barrier nature and that it is hardly 
degraded at a high temperature. A preferable rubber 
material is EPT (ethylene propylene terpolymer) or IIR 
(isobutylene-isoprene rubber). 
The sealing resin should also be resistant to the elec 

trolyte. A preferable sealing resin is selected from an 
epoxy resin, an acrylic acid resin or a silicone resin in 
view of heat-resistant, adherence and air-tight charac 
teristics, and working conditions (hardening tempera 
ture and time, pot life, safety grounds, etc.). In particu 
lar, the epoxy resin is most effective. It is important that 
welded parts 171: of internal lead wires 17a and external 
lead wires 17b are completely buried in the sealing resin 
16. The rubber material 14 has a protruded portion 14a 
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'6 
at the upper part thereof, which protruded portion 140 
is disposed apart both ‘from the electric double layer 
capacitor 13 and the inner wall of the casing 15. 

‘ There are two ways to seal the electric double layer 
capacitor of the present invention in the casing 15, as 
shown in FIG. 6(a) and FIG. 6(b). In FIG. 6(a), the 
casing 15 is ?rstly sealed by the rubber material 14 and 
then sealed by the sealing resin 16 at the opening part of 
the casing 15. In this case, lead wires 17 penetrate 
through the rubber material, but the welded portions 
170 are completely buried in the sealing resin 16. On the 

' other hand, the ‘casing 15 is covered with a cover tube 
' 18 in FIG. 6(b). In this case, the opening part of the 
casing vl5 is sealed only by the rubber material 14, but 
the opening part of the cover tube 18 extending out 
wards is sealed by the sealing‘resin 16 so as to bury the 
welded portions 170 of the lead wires 17 in the sealing 
resin 16._ The sealing methods described above ensure 
the prevention of the corrosion caused by a high humid 
atmosphere at the welded portions 17c of the lead wires 
17. 

Several making examples of the electric double layer 
capacitors of the present invention are described in 
detail in the following. 

EXAMPLE 1 

TABLE 3 
(parts are by weight) 

capacitor of 
conventional present 

material capacitor invention 

active carbon 10 parts 10 parts 
acetylene black 1.5 parts i 1.5 parts 
dispersoid containing 6 parts 3 parts 
polytetra?uoroethylene 
polyvinylpyrrolidone none 2 parts 

Table 3 is a list showing materials and mixing ratios 
thereof used to form the polarization electrode of the 
capacitive device in accordance with the present inven 
tion. Active carbon produced by Shikoku Chemical 
Works Ltd. of Japan isobtained on the market. It has 
the following characteristics. 

(i) color black 
(ii) smell odorless 
(iii) ~ taste tasteless 

(iv) ?neness —300 mesh 50-70% 
{ +50 mesh under 10% 

+30 mesh 0% 
N.B. -300 mesh: grains passed; +50 mesh: grains 
do not pass; other grain sizes are between —300 —50 meshes. 
(v) bulk 0.20-0.25 g/cc . 

. density 

(vi) adsorbing , deeoloring power for Methylene 
' power { Blue . . . 13-15cc 

adsorption amount of 12 . . . l,0O0-l,200mg 

' (vii) ash below 0.8% 
content 

(viii) water below 8.0% 

65 

content 

Acetylene black produced by Denki Kagaku Kogyo 
Kabushiki Kaisha of Japan is obtained on the market. It 
has the following characteristics. 

black (i) color 
(ii) smell odorless 
(iii) taste tasteless 
(iv) carbon amount over 99% 
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-continued ‘ 

below 0.259. . cm 

(measured by use of a weight of 
(v) electric resistance 

8 
tional ones (denoted by B) in the life test lasting 1,000 
hours at 70° C. 

It can be seen from Table 4 that the electric double 
50 Kg/cmz) layer capacitor using PVP as the binder shows largely 

(vi) adsorption amount of more than 5 improved characteristics of the internal resistance and 
“ hydrochlqric acid 14-0 m1/5g the leak current in comparison with the conventional 

(“1) bulk spw?c grav‘ty 81')? 0'03 and less than capacitors without using PVP. In addition, the capaci 
(vi?) water content b'elow 04% tance change after the life test is also largely decreased. 
(ix) ash content below 0.3% Therefore, the initial characteristics and the reliability 

‘ 10 of the electric double layer capacitor is largely im 
A dispersoid containing a polytetra?uoroethylene is proved m the Present mvenuon‘ 

also obtained on the market. It is produced by Daikin EXAMPLE 2 
Kogyo Co., Ltd. of Japan. The dispersoid is an aqueous . . . 

dispersion containing ?ne grains of polytetra?uoroeth- 15 Several ncllezgurentlelm flesliltsgrepbtamed gluml' 
ylene. It is obtained by concentrating a dispersed 001- “um expall e [3e i‘ S. Ce S 1 a‘c’lmg. Seve? 1 grant 
loid prepared by emulsion polymerization up to a cer- filial-tum Slzes ant a uniltnuln ,iiablwlsres 0 two i? 8% 
tain concentration. The dispersion condition is stabi- e measuremen res.“ S m a .e are strengt. o 
“Zed by nomionic activaton The dispersion has the adherence of the aluminum lead w1res to the aluminum 
following characteristics expanded metal net of a polarization electrode, and 

20 adherence strength of a carbon electrode material to the 
> aluminum expanded metal net. 

(i) content rate of the resin grains 60 wt % TABLE 5 
(ii) average grain size 0.3 pm 
iii s eci?c ravit 1.5 (at 25° C.) size of a erture SW small width 0.25 0.5 0.75 1.0 1.25 ( ) p g y P ( ) 

(iv) coefficient of viscosity 25 cm . poise (at 25° C.) of expanded r 
25 metal net (mm) LW (large width) 0.5 1.0 1.5 2.0 2.5 

_ n _ _ adherence hard Al lead 

Polyvmylpyrrolidone (reglstered trade mark) is pro- strength of wires x 
duced by BASF Japan and obtained on the market. It is Al lead w1res 80ft A1 lead 
poly-N-vinyl-2-pyrrolidone (PVP) called as Luviskol K “mes X 

, , adherence expanded metal 
Resins. There are two kinds, K-30 of 40,000 molecular 30 smug", 
weight and K-90 of 700,000 molecular weight. The of carbon net of hard A1 X A o o A 
former is employed in this example. It has the followin electmde material expanded metal 11°‘ applicable 
characteristics. . - “at of so“ A] 

0: good, 
A: usable, 

(i) color white 35 x: unusable 

(ii) appearance powder _ 7 

(iii) resin content more than 95% The adherence strength 1s measured for the hard 
(iv) residue monomer less than 0.8% aluminum lead wire and the soft aluminum lead wire 

a?” resulting in 0.4 Kg for the former and 1.2 Kg for the 
' o 40 latter, when the aperture size is SW=0.75 mm and 

' LW=1.5 mm. 

Polarization electrodes are made by using the above- ' 
mentioned carbon electrode materials and a suitably EXAMPLE 3 
prepared conducting member. A separator impregnated Several capacitors are produced by using aluminum 
_w1th an electrolyte is disposed between a pair of polar- 45 expanded metal net (SW=()_75 mm, LW= 1,5 mm) 
ization electrodes to constitute an electric double layer having different aperture rate. Adherence strength of ‘a 
capacitor element. The capacitor element 1s encapsu- carbon electrode material to the aluminum expanded 
lated in a casing to obtain a capacitor. The casing has a metal net is also measured and shown in Table 6. 
cylindrical size of 12.5 mm¢><35 mm. Initially, the TABLE 6 
completed capacitor has a breakdown voltage of 1.6 V 50 
and a capacitance of 10 F. After measuring the initial 3P5’??? ‘545 25-35 3545 45-55 5545 65-75 

o - . o 38 

characteristic values, a rated voltage is applied to the lhickngss 031 032 034 033 Q31 0.31 
capacitor for a life test lasting 1,000 hours at 70 C. The (mm) 
measurement results are tabled in Table 4. net 0 0 0 0 0 A 

TABLE 4 
values after 1,000 

initial values hours at 70° C. 
internal internal 

capaci- resis- leak capaci- resis- leak 
tance tance current tance tance current appear 
(F) (0) (mA) (F) (0) (mA) ance 

conventional 10.3 0.53 0.45 9.2 0.70 0.40 no 
capacitor ' change 
capacitor of 10.5 0.30 0.30 9.9 0.40 0.25 no 
present invention change 

FIG. 7(a) to FIG. 7(c) are characteristic graphs for 
comparison of the electric double layer capacitors of working 
the present invention (denoted by A) with the conven- adherence 0 0 0 0 0 A 
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TABLE 6-continued TABLE 7-continued 
strength ca- internal leak heat 
of lead separator material pacitance resistance current resistance 
wires 
adherence X A A O O A 5 cellulose 
of carbon 0 0: Very good; 

electrode ignzzllficienr 
material x Xdmd ’ 

0: good; 
A: insufficient; , 

X‘ bad TABLE 8 

after life test lasting 1,000 
hours at 70° C. with application 

initial values voltage ‘of 1.6 V 

capaci- internal leak internal leak 
tance resistance current capacitance resistance current 
(F) (9.) (mA) change (%) (0) (mA) 

(4) nonwoven fabric 10.1 0.30 0.40 —15.1 0.45 0.40 
of polypropylene 
(5) polypropylene 10.2 0.32 0.25 — 17.5 0.50 0.26 
film 
(8) nonwoven fabric 10.1 0.31 0.28 - 12.3 0.43 0.27 
of polyethylene 
and cellulose 
(9) nonwoven fabric 10.0 0.33 0.26 — 13.5 0.44 0.25 
of polypropylene 
and cellulose 
(10) nonwoven fabric 10.3 0.32 0.25 -— 10.8 0.42 0.25 
of polyester and 
cellulose 

3° EXAMPLE 5 

An internal resistance is also measured. FIG. 8 is a 
graph showing a relationship between the internal resis 
tance (in Q) and an aperture rate (in %) of the expanded 
metal sheet used for the polarization electrode in the 
electric double layer capacitor in accordance with the 
present invention. 

EXAMPLE 4 

Several electric double layer capacitors are produced 
by using several kinds of separators. Table 7 is a com 
parison table showing several characteristics of the 
electric double layer capacitors using several separa 
tors. Table 8 is another comparison table showing char 
acteristic changes after a life test lasting 1,000 hours at 
70° C. with an application voltage of 1.6 V. 

TABLE 7 

ca- internal leak heat 
separator material pacitance resistance current resistance 

(1) kraft paper X X X X 0 O 
(2) Manila paper 0 O X X 0 
(3) nonwoven fabric of O 0 O X 
polyethylene 
(4) nonwoven fabric of O 0 O O 
polypropylene 
(5) polypropylene film 0 0 O O O 
(6) nonwoven fabric of O 0 X 0 
polyester 
(7) Manila paper and O O O O X 
cellulose 
(8) nonwoven fabric of O O > O O O 
polyethylene and 
cellulose ~ 1 

(9) nonwoven fabric of 0 O O O O 
polypropylene and ' ‘ 

cellulose 
(10) nonwoven fabric of O O 0 O '0 
polyester and - 

Several electric double layer capacitors are produced 
by using several kinds of electrolytes comprising 7 
butyrolactone, propylene carbonate and tetraethyl am 

35 monium perchlorate in several different mixing ratios. 

TABLE 9 

w 
tetra 
ethyl 

40 propy- ammo 
' lene nium 

a-butyro- carbo- per- rate of capacitance 
lactone nate chlorate ______—cl1ange_@;____ 
(parts) (parts) (parts) —25" C./20“ C. 70° C., 1,0001-1 

45 100 0 15 — 13 —22 
90 1O 15 — 13 —21 
80 20 15 — l3 — 18 

70 30 15 — 14 — 10 

60 40 15 - 15 — 10 

50 50 15 — 18 —9 
40 60 15 ~20 —9 

50 3o 70 1s —22 —9 
20 80 15 —25 —9 
1O 9O 15 —25 —9 
0 100 15 —25 —9 
70 30 5 —23 —20 
7O 30 10 ~20 — 15 

55 7O 30 15 -14 — 10 
70 30 20 - 15 - 10 

70 ‘ 30 25 — 18 - 1O 

60 EXAMPLE 6 

Several electric double layer capacitors are produced 
by employing several kinds of rubber materials as a 
sealing means. Table 10 is a comparison table showing 1 
‘capacitance and appearance changes of the capacitors 
after a life test lasting 1,000 hours at ‘70° C. with an 
application voltage of 1.6 V. It is seen from Table 10 
that preferable rubber materials are IIR (isobutylene 
isoprene rubber), EPT (ethylene propylene terpoly 
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mer), silicone rubber and elastics of TPE (thermoplas 
tics elastomer). 

TABLE 10 

rate of capacitance change 
(%) and appearance after 

rubber material 1,000 hours at 70° C. 

NR (natural rubber) —21 large swelling 
IR (isoprene rubber) — 19 large swelling 
BR (butadiene rubber) -— 19 large swelling 
CR (chloroprene rubber) — 18 large swelling 
SBR (styrene butadiene rubber) — 17 large swelling 
NBR (nitrile rubber) ‘ — 18 large swelling 
IIR (isobutylene-isoprene rubber) — 10 no change 
EPT (ethylene propylene terpolymer) - 11 no change 
Si-rubber (silicone rubber) - 16 no change 

— 12 no change TPE (thermoplastics elastomer) 

As so far‘described, the present invention provides 
novel capacitors wherein several characteristics and 
their reliability are improved. Some application exam 
ples of the electric double layer capacitors are brie?y 
explained in the following. 

In FIG. 9(a), an electric double layer capacitor 10 of 
the present invention is connected across output termi 
nals of a recti?er and regulating circuit 20, which feeds 
an electric power from a power source 19 to an electric 
apparatus, i.e. load 21. The capacitor 10 is used as a 
back-up electric power source of the electric apparatus 
21, for example, in a semiconductor memory device 
such as RAM (random access memory) devices at the 
electric power failure. 
FIG. 9(b) shows a battery 22 of a small capacity, an 

_ electric double layer capacitor 10 and a load 23, and all 
' of them are connected in parallel. In case the power 
source (battery 22) becomes at an overload state with 
respect to its load, the electric double layer capacitorv 10 
is used as a compensated power source; Namely, when 
the capacity of thebattery. 22~becomes small, a switch 
24 drawn by dotted‘line 'is "closed arid a load 23' drawn 
by a dotted line is connected to the battery 22, in paral 
lel then the electric double layer 10 compensates the 
temporary shortage of power capacity. In case the 
room temperature goes down,‘the capacity of the bat 
tery 22 also becomes small, the electric double layer 10 
works as a compensating power source, too. 
FIG. 9(c) shows a part of a safety device for a going 

out of the frame in a gas apparatus. A safety gas cock 25 
has a push button 25a for ignition and is connected to a 
thermoelectric couple 26 and the electric double layer 
10 or a battery 27 alternatively by a switch 28. The 
switch 28 is interlocked with the push button 250 of the 
safety gas cook 25. In these structure, when push button 
250 is pushed, the switch 28 is changed as shown by a 
dotted line, and thereby the electric double layer 10 
feeds an electric power to the thermoelectric couple 26 
in order to heat it at a speci?ed time. Therefore, in this 
application example, the thermoelectric couple 26 gets 
hot without keeping on pushing the push button 25a. 
After temperature of the thermoelectric couple 26 rises, 
and a voltage across both terminals of the thermoelec 
tric couple 26 exceeds a speci?ed value, the safety cock 
25 becomes locked to feed gas ?ow. 
What is claimed is: . 
1. An electric double layer capacitor comprising: 
a pair of polarization electrodes each electrode in 

cluding a conducting member formed from an ex-_ 
panded metal sheet with a number of expanded 
holes, and a carbon electrode material including 

and 
active carbon and a polyvinyl pyrrolidone binder; 
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12 
a separator impregnatedwith an electrolyte and dis 

‘ posed between said polarization electrodes. 
2. An electric double layer capacitor in accordance 

with claim 1 wherein said separator includes a compos 
ite porous sheet formed from nonwoven fabrics selected 
from the group consisting of polyethylene, polypropyl 
ene and polyester, and a cellulose coating layer thereon. 

3. An electric-double layer capacitor in accordance 
with claim 1 wherein said expanded metal sheet is an 
aluminum sheet having an opening rate of 40-60% and 
said expanded holes have a size of 0.5- 1.0 mm in a small 
width and 1.0-2.0 mm in a large width. 

4. An electric double layer capacitor in accordance 
with claim 1 wherein said electrolyte is a mixed solvent 
of propylene carbonate, 'y-butyrolactone and tetraethyl 
ammonium perchlorate. 

5. ‘An electric double layer capacitor in accordance 
with claim 1 further comprising internal lead wires of 
high purity soft aluminum for attaching to said conduct 
ing members by pins. 

6. An electric double layer capacitor in accordance 
with claim 4 wherein said electrolyte is a mixed solvent 
comprising propylene carbonate of 5-30 wt %, 'y 
butyrolactone of 70-90 wt % and tetraethylammonium 
perchlorate of 5-20 wt %. 

7. An electric double layer capacitor in accordance 
with claim 5 further comprising external lead wires of a 
solderable metal welded to said internal lead wires. 

8. An electric double layer capacitor in accordance 
with claim 7 further comprising 

a casing for encapsulating said pair of polarization 
electrodes, said pair of conducting members and 
said separator in a wound ‘form and impregnated 
with said electrolyte, and 

an elastic rubber material and a sealing resin for seal 
ing an opening'of said‘ casing, and , 1 

said ‘external lead ‘wiresl?passing‘ ‘through said elastic 
' ‘rubber material and said sealing resin. [ Q 

l "'9. An electric double‘layer capacitor in accordance 
with claim 8 wherein said ‘elastic rubber material is 
selected from the group consisting of EPT (ethylene 
propylene terpolymer) and HR (isobutylene-isoprene 

, rubber). 

10. An electric doublelayer capacitor in accordance 
with claim 8 or 9 wherein said ‘electric rubber material 
has a protrudedv portion at the'lower part thereof dis 
posed apart‘from said wound polarization electrodes 
and the internal wall of said casing. ' 

11. An electric double layer capacitor in accordance 
with claim 8 wherein said casing has thinner portions 
near bottom edges thereof. 

12. An electric double layer capacitor in accordance 
with claim 8 wherein said sealing resin is selected from 
the group ‘consisting of an epoxy resin, an acrylic acid 
resin and a silicone resin. 

13. An electric double layer capacitor in accordance 
with claim 8 wherein welded portions of said internal 
and said external lead wires are buried in said sealing 
resin. ' . 

14. An electric double layer capacitor in accordance 
with claim 8 wherein said sealing resin seals said open-p 
ing of said casing and said elastic rubber material .is 
disposed between said wound polarization electrodes 
and said sealing resin. 

15. An electric double layer capacitor in accordance 
with claim 8 further comprising a cover tube for cover 
ing said casing, wherein said sealing resin seals an open 
ing part of said cover tube. 
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